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.il’l ,’s Multimissicm Opcmtions  Systems
Office (MO SO) provides a nlu]li n~ission
facility at J]’], for p r o c e s s i n g  scicncx
if IStI’LIInCII(  data  f]’om NASA’s ])]al)Ctal’y

missions. ‘1’his facility, the Multimission
]magc l’mccssing  Systcm (h411’S), i s
dcvc.loped and maintained by M 0S0 to
mtxt mquircments  that span the N A S A
family of planetary missions. Altlloup,h
lhc WOII “ i m a g e ” a p p e a r s  in Ihc t i t l e . ,

h411’S  is used to pmmss  instm]ncnt dtita
from a varic,ty o f  scicncc inst]umcnts.
‘1’his ]wpcr dcscxibcs  the (ic.sig]l of a ncw
Sys(cm al’chitcctul’c! 11() w being
implcmc.ntd  within the. h411’S  to suppoIt
future  I)lanctaly  mission activities at
si~, nificant]y  mduccd  opera t ions  aIId
mai]~tc.nancc  cosl.

lN’I’l<OI)IJ(:’J’ 10N”

‘J’hc h411’S configuration  that h a s  bcc]l
uSC(]  t o  sqqmt  voya~c]”,  an(l h4agcllan
flig,ilt  opcmlions,  and tllc Ga]ilco liti]-ttl
and Astcmid cncountcrs, is a ccntwlid
systc]ll based on I)I;C VAX computing
cquipmc.nt running,  UIId CI t h e  V h 4 S
opcmting,  systcm. “1’hc IICW systcm is a
distribu[cd  system  based on the [Inix
o]mating  systc.m,  with significant support
provided for intc]llatiollal  s c i e n t i s t s
opmiting  mmotcly  from J])],, lmag,c aIJd
data display, d a t a  manag,cmcn!,  a]]d
product ion  of archival data products
exploit mcc.ntly  dcfild industly  standards
toit]s[llct~ al(li~’arcj~l  atfo]lll”  it](lcj~c]l(lcl]cc.,

]]]akin~, it possib]c  to cvo]vc the. systcn~  in
tllc future on commercially available
j~latfmns  at minima] cost, Significant
suppor[  ofscicmx  users not located at J]’],
is pmvidd  by the ncw systcm dcsig,n.
(Jpc.ration.s and maintmamx costs of the
ncw systcm will tx si~,nificantly  lC.SS tlIaIl
the ccntmlimd  systcm that l~asbccm in usc
fo]aj)]~]oxil]latclytcf~”  years. ‘I’hc VICAl<
software systcm pmvidcs instnl]ncnt  data
]mccssing  capabilities cm the ncw systcm.
(’mnmc.rcially  dc.vclopcd  softwarcis also
fivailab]c, tiugmcnting the V I C A R
capability that has evolved ovm the past
20  ycalsto  supporl  sj>ccific]c(]lli]c]llctlts
for planetary cxplomtion  (iata al]alysis,

1 IA1{l)WARK SYS’1’NM  I)ICSIGN

l(i~,u]c  1 silo~+’st i]ci~ar(l~$ldlcco  l]fig[}latic)]]”
tiltit will be in place in tin]c to support
fli~,ht  opc.mtions  of tllc~ialilcosl)accc]aft
ill late 1995, ‘J’hc systm will also bc
suppmlin~,  calibration an(i systcm  level
tcxtinp, of the imaging Scimcc  Stlbsystcm
(1SS) for tile Cassini  mission to Saturn an(i
final g,mun(i  (iata systcm  tc.sting  for t h e
h~al’s]’tit}lfi  [](icl’lllissi[)]l  (iuI”iIIf,  that same.
imimi of time..

‘1’hc IIlain subsystems of tlm nciv systcm
inc]u(ic (tlcfollo\l’ill/,:”

● ]>ual  l)li(; Alpha  ]UWCCSSOM
ti]at sLIppoIt p]occ,ssinp  o f
tCiC.JHCtl’~  (iat~  il)  J’C~] (iJHC .3S
mceivc(i  fmnl tile spacecraft,
an(i ]wo(iuction  of lixpcrin~cnl
l) fit:ilkco](isin  nc.arl’cal time.
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●  l)ual Sun SparcStations t h a t
al’c used 10 host a cialn
mal]agcmcllt sys(~lll t h a t

d e v e l o p s a 11 (1 maintains
catalog,  s lhat contain
information mg,al(!in~, all
versions of data pmccsscd by
tlw systcm ar](l the. location  (;f
txicll version Ofdata JM”OCCSSC(]

01) the. Systcl”ll. Ol]c  o f  t h e
Sel”vcrs  a l s o  mal]agcs t h e
SyStCJl)’S Jl)aSS  data  StoJ”a~C

COl)lJ)OJ)CJliS.

● ])ua]  vA~StatioJls,  t h a t
SLIppOJt  C S I  black and wl~i(c.
aJl(i color  fi]Jl) JWO1’(iCJ’S,
lmag,c  data caf] bc forwadc(l  10
thC VA~StatioJls  fJ’OJll aJly
sou I’cc it] the systcm, or fmlll
JcIllotcsitcs,f[)lfilll]  rcmdiJl~,,

● A set of Unix workstations
ulilizc(i  by val’iom projects  for
J) J’OCCSSiJ)~  SCiCJKC  illStl’llJllCJlt
(Iata fl’OJll  val’i[)Llsl[lissioJls.

● A Set o f  (Ic(licalcd
WOJ”kStatio  J)S USC(I  tO SUpJ)O1’t
sing]c ]wojcct  rcquircmcnts.
lLXtJJNpJCS inclu(ic OJ1 C
vA~station  USC(I  t o  s 1 1 ] ) 1 ) 0 1 ’ [

Cassini 1SS calibration RI)(J a
separate woJ”kstatiol)”  that will

bc. USC(!  t o  SUJ)]lO1’t  h4aI’s
l’athfindm  iJllag,c pmccssillg,.

● X ‘1’cmliJ]al  displays, USC(I  to
p]ovidc  disp]ny o f  scicJlce.
iJISIJ”ll Jll CJlt d a t a  iJl vaJious
foI’J)latS  d i l l ’ i J ) ~  I“Cal  tin)c  d a t a

acquisition,

c Network resources, inclu(iin:,
1;1)1)1  aJld }{thCJT)Ct  capability
])rovi(lc(i  locally within the
h411’S fticility an(i conncctior}s
to C. XtCl’llal JlctwOJ’k  I’CSOUI’CC.S.
Scicncc t e a m s  opcratin~,
J’CIHOt C]y fJ’OJll JJ’1, iJltCJ’fid(’C
w i t h t h e .  Systcm  thl’oll:, h
val’iolls JIC,twlOl”ks  and l’(~l)tcls  ;1S
stlowJ1.  Real tilllc data fmJll

.l]’]’s tC]CJ)l  Ctly pl”occssil)g
Sys(cl]) i s  pl’()\’id  Cd V i a  aJ]

1 LIhcl’llct  (’olllKX’tio  J).

‘1’hc\~l(:AR  soft~t~atc:sy  stc]~](l  c~~clol)c(ll)y”
MI1’S lItis l)c.cm  used to  ]~JoccssI]la~jctaly
scicl~cc  data I’ct LII’Ilcd fJ’oJIl  N A S A
]I]issio])s  f o r  ove.I twc.nty  ycam. ‘lIIC.
softwaJ’c iS a]so oscd illtcl’llaliolla]]y b y
scic.ncc (Call)  l)) Cl)lbCJ’S iJ)volvc(l iJl t h e

N A S A  plal)ctary  p r o g r a m ,  and  is Infidc.
avail  tiblr.  t o  con)mc  J”cial  org,a  Jli7,atio  J]s”
throu:,l) NASA’S  (: OSh41(: CO(IC
(Iistlibution  ccntc]’. A J~~()(llllal(icsig[~  is
lISC(I, WhCJ’C SdlNC  ~CIIC1’ti]  ]) LIJ”JIOSC.

s o f t w a r e  JIIOdLIlCS  caJl tm apl)licd  t o  d a t a
flolll  a Val’i  Cty o f  iIIStl’UII)CJ)tS. ‘1’hc

\~l{~AR systcm i s  bc;J]p J])o(lificd  t o
O p e r a t e iIndcr  l]J]ix aud  w;ll  be.
tlat)sl)OJ[al)lctoa”  l~’i(ic  J’alictyo fl]al(lwalc
J)] fi[foJ”lllS.

‘1’tKTC HI’C SC. VC.l”al  lllaill  COll)JX)IWJltS  Of thC

\/l<; Al< s o f t w a r e .  systcJII.  ‘J’JIc  executive
])1’OV;(iCS  thC llSC1’iJItC1”fidCC  t o  tl)C SyStCJll,
aII(l links  individua]  modu]cs  toge.thcJ” t o
Su])pol’t s])cc;fic data  ]) J’OCCSSi J)~

rc(JHil”cJllcJlts.  A  subroutine  /ibIIJly  i s
a~’ailat)lc  (hat provides a set of common
roulincs o]~timinxl for pCI.fOJMIaIICC  whcm
dca]inf, w;th lalgc. scicJltific (lata s e t s .
I~islJI(Jy soft)fare  provides suppor( for
intcradivc  vicwin:, aJl(l JnaJlipultition o f
illtagc  data,

ovcI ? ( ) ( )  aj)plications  pmfI,lams  am
available wi[hi J] VI{; AJ<. ‘1’hcy inclu(lc
1)] op,IalIls i]) tllc following, CfitCgol”icS:

● Arithmetic functions,
it)cludi J)#, avc Ja:,ir]g,
(Ii ffcrcncing, iJ)]agc
sull)matio  J), image  stat is t ics ,
C(C,

●  lllstlllll)cIlf  sigJlatllJ’c  l”cJllo\Jal
soft \val’c, app]ie. (1 t o  (lata
l’C. till’ l)C. d b}~ il)Stl’lllHCJ)t  S OJ)
NASA  ‘S J)]&WJ1’y  SpaCC.Cl’af(

● (’aJtog,raptlic  ])rojcction
software, (Ic.signd  tointe.J’Pdcc



wit]) ancil)ary  (ltita  f i l e s
containing navigation aIId
spaccclaft  position data fmlll
t h e  planctaIy  n)issions  and
pc.rforIIl  mal)ping projections
/Is l’c(]ucstcd by tllc Usci’.

●  Att)los])lmric lkwturc ‘1’mckitlg
software, providing  dc.rived
velocity Vcctol’s basc(l 011
O b s e r v e d pla Ile. t:il’y
atmosphc]ic  lnotiol).

● 1 )ata compression, pmvidin$  a
variety of losslcss and lossy
Com]msi(m  a lgor i thms “

● Color” manipulation software,
inc]u(iing algot’ithms fol
ptx)(iucing thmc cOIOI” imagmy
from multispce.tml  i)lanctaly
imaging irlstmmcnts.

● ~icorefcrcncing  software.,
pmvi(iil)g  the ctipability o f
cormlatin:,  remotely sense.d
i m a g e r y wit]] Othcl”
gcorefcrcl]cc(i data sets an(i
map (iata.

●  liormat colll~e.l”siotl,  ])lol~i(lil)g,”
conversion  bctwcem  \~l(~AR
fomat an(i oti)eI populiII
ima~,c fomats.

● Real t ime softwalc, usc.(i to
extract Scie.l)ce. il)stl”lll))el)t  (iala
I’cco]’(is fl’om tclmctl’y  (iata
s t r e a m s  pIoccssc(i  (iuring,
mccipt  ofspaccmft  (iatti.

\/lC;Al/ softwal’c lllo(iU]CSCaIl  bc llSCd :{S
uomponcnts  in comp]cx proccssil)g,
sequences. ‘I”hcsystcm utilixs  acoII)II)on”
intcmal image format, an(i each ])m~,talI)
leads an(i writes (iatfi  fries itl the comII)oI)
format. l;xalll])lcs  of two ]m’cssill~,
scq~lc,ncc.  s for the. ~;alilco  Soli(i Sta(c
lmaf,ing  ( S S 1 )  an(i Ne.aI lnfrti-Rc(!
h4apping SJ)(’. (’tl’oillCt C.l” (~]A4s)
imtmmcnts  aIc shown in i~igl)rcs ? aI)(i  3.

J ‘ig,um ? siIows t iIc scqucncc of pmccssil)g
usr.(i to ])lo(itlcccol  oiil))ap,  csfrol)l (ia]ilC(~
SS1 ilnag,c data. ‘J IIc. SSJ inclu(ics  a set of
SJ)CCtl’a]  fl]tC1’S, al)d  CaCh il)la~C iSCXJWSCd

thl’ollg,h  a SCJ)al’2itC  fiitcr. ‘J’hc spacecraf t
Il]ovc.s bctwcetl successive CXJX)S1lI’CS,  S() it
i s  ncccssary  t o  rc:,istcr  eaclI o f  tile
component imagcstoa  common g,eolnctric
]cfcrcncc  10 crcatc  2 color c o m p o s i t e
ima~e. ‘I’IlcsJ)cctlalf  iltclstl  sc(iil)ti)cSSl
d o  I)ot CO1’l”CSJ)OIl(i  (()  tk l’C(i-f,I’CCIl-  t)]llC
Icsponsc  o f  color”  fiim o r  vi(ico. Jt is
l)cccssa?y to pcl”fom la(iiome.tric
])mccssing,to ot)taitltlallsfolill”  instmmcnt
signai  (iata into J)hysical  ra(iiancc
coor(iina(csj”  an(i to tbctl gcneIate.  a mi-
~,]ccl)-t)lllcc  olll]>ositccolo  ritllagc,  l;igum
? in(iicatcs  t h r e e  i)ossibJc. iIIw(iLIcts
p,cncratc(i  fmm this pocessing  sequence,
inclu(iin: colo I” ima~, cs w i t h  iligi)
frequency  d e t a i l  cnbancc(i,  color ratio
ilnag,cs,  an(i images containirlg  tbc. bc.st
e.stimatc  of la(iioll)ctlically  comet cOIOI”
bascci  on instmmcmt  calibration.

l:i:,urc  3 shows (Ilc  JM’occssill:>  SCLJIICIICC

use(i t o  pro(iucc  a  \’isualimtio J) f i l m
~)l”()(lllCl of a NJh4S (iata s e t . IIcl’c,
software,  mo(iulc.s  specifically (icsigmd to
pl”occss (iata ticquire(i  t)y s p e c t r a l
illstrume. nts thtit mcoI(i huD(i Ic(is o f
sJ)cctral t)ands  of data over a ]imitc(i
rcp,iol]  of tim suIfxc  are use(i to construct
sl)cclral plots an(i al)llotoglal)llic]  ct](iitioll
of this type of (Iatfi,

lloti~ tile processing sequences si)own in
liigums 2  al)(i 3 can bc utiliz,c(i on othct-
l))issions flying, “silllilar  insttwtncnls. ‘1 ‘Ilc
only mo(iifictitio~ls”  Ilc.cessary HIC. those
Icquired to for]llat ti}c (iata fol (iisp]ay to
acco Jllmo(iatc”  mission specific annotatiotl,
an(i any chang,es rc(]uim(i to accommo(iale,
(ii ffcm])ccs t)ctwc.en  specific instmmcnt
cicsigns. ‘I”i]c.se.  seque.nccs  illustlatc  ti)c
lIlo(lt  Ila I “building block’” appmaci] to
VJ(;AJ{ (icsig,n tl)at m)ablcs  constructiolt  of
COIIIJ)]CX J)l’OCCSSi  Il~ MX]ll CI)CCS  USitl~,
it~[iivi(iua] api)lications  pmgmms. ‘1’hcy
also illustrate the mu]timission  na(urc of
thL: Soft\ *’al”(:, Whrl’c  COIII1l)OII Iliodulcs  call
t)c used to process data acquirc(i  t)y
diffcrclll  instruments froln diffc.rent
Inissions.



/’/ I) f]i~t~-[,ass  filter  (’IFILI)
‘2) Chr,[rast  enhance (STEIE.l CII)
3) Create  raw, fl[tcred&  s~Ictc]I

histo~l~n~s  fc)r mask(}{  I SIGLN) 1 - h/w fllIu

\ .. . . . . .

. . . . . . . . . . . . _____
option  A

1) Ccmvert  tcr 11S1 (hue, saturalicjn
anciintcr~sity  ir~lagc  (C OLOEtT)

2) I{rlhance  high frcc]ucrlcy  cictail
in intensity image (TI I l.T)

3) Cot]vert  back to RGJ1  (COL Ofll)
!) Create  histogr-anls  (Ill !HGEN)
j) Mask [6[ f F+flsK)
5) I;rlrnlcc[>rd  (fl/lflNE)

(blor  cr]hancw  2 vmsl{lr]s  of the ciata

()}>tion  I;

1) (:rxnpu(e  Tatio of ttle i[llagcs to mfcrenm
image  anti stretch  ti~em  (nm I O)

2) Conlrasi  cvhancc  the reference (S7flE  Tt2tl]
3) Create  histograr~ls  (Ill S1 G[ N)
4) Mask (GLf MfIsK)
.5) F’ilt  n recor~i  (BFI}IA’[ )
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liiglll’c  4 shows a typical Stal)dtird Galileo using inhcritc(l  soflwaw or the. shard use
black 81)(1 white j)lIotoj)lo(lLIcl  gcncratc(i of c(]uipl)~cnt  aIId fwi]itics at J]’],.
usi Ilg multimission  sof(warc a(lal)tc(l  for
specific Galileo pmjcct  )Iccds. ‘1’he ‘1’hc work (icscribc(i  in ti)is pfipcr w a s
Gal i leo  sc ience  tc.ams (ictcrlnil)c the carric(i  out at t h e  J e t  I)roI>ulsion”
fom)at  an(i content  o f  ti)c annotation” l.at)oratory/(~aliforI
information” on the j)l)oto])I()(iLIc is.” ‘Illc ‘1’cchllolog,y”  LII)(icl’  a

(iata  usmi t o  am)otatc  l)lIoto])I()(ilIcts”  i s Nation ai AcroI)au
ot)ttiine.(i from a n c i l l a r y (iata files A(itl~il)ist]atiol~.
(Ilavig,aliol)(  iata,  forcxamp]c) an(i fronl
the en:, ine.crin~  tdcmctry  (ia(a strcan~. A
muitimission sc[ ofsubmulims  is usc(i 10
cl’catc  tl)c])iloto])I”(  )(iLIct” shown ill liig,  urc4.
IJigurc 5  s h o w s  onc cxfimp]c o f  d
l)lloto])lo(itlct fomtit  t)cingconsi(icmi  for
use on h4a1’s I)athfin(icr’s l,aI)(ic.I camera
(iatti.  ‘1’his isa])lclilllil)alyfo]lllat  fin(i i s
still un(ic<rgoing c.hangc  an(i mo(iification
basc(i on in terac t ions  wi th  the scicncc
team . ‘1’hc h4ars1’titt~fiI)  (icl~)t)oto])]()(  i~lct”
was ~,cl)cl”alcd using tllc Sal[ic
mu]timission sllbrolltiIlclit)lal)~  to buil(i 2
mission specific format. Witi) this
a p p r o a c h ,  i t  i s  possibtc  to (icvclol)
prolotypc  formats rapi(i]y, an(i to comp]ctc
(icvclopmcnt  of pho!opr[)(iuct  gcnmti(m
sof tware  with a minimum  of cffml  for
each mw project.

SllMMAR}7

‘l”hc. ncw h411)S systcm  pmvi(ics  a
har(iwarc  and software systcm that is
mo(iu]ar,  flcxib]c aII(i a(iaptablc t o  new
rc(]uircmcnts at mit)imat a(iaptation  cost.
‘1’i]c  har(iwarc configuration is n)o(iu]ar
an(i can bc scalc(i up to han(i]c m a j o r
missi(ms  mtumir)g  largc(]uanti(ics  of data
at hip,h (iata r a t e s ,  an(i provi(ics  the
flexibili ty of accoll)ll)()(latil)p,  miss ions

with low (iata VOIUII)CS  throug,h the. USC. of
(ic.(iicate(l  w(wkstalions. ‘]’hc VI(:AI<
s o f t w a r e  system is aiso mo(iular  an(i
a(iaptat)]c  to ncw  mission rcquircmcnts  at
low (icvclopmmt COs[.

h4at)y  principal  it)vcstigatorsa rcfin(iinp,it
cost cffcctivc  to utili7c ti)is multinlissiol)
faciiity  w i t h  cstat)lishcd  cquipmel]t,
software, an(i intc,r~dccs  with ti)c tclcl))c(ry
pmccssillg,  sys(c,In 10 gc,l)cratc  first lcv~]
(iata  Jc.cor(is  f o r  ti)cir  itlstrumcl)ts  an(i  t o
support  othcI (iata  promssiny,  rc(]uircmcl]ts

ia lnstit~itc  o f
contract with the
ics dl)(i  Sj)acc




